Dominant negative pathogenesis by mutant proinsulin in the Akita diabetic mouse.
Autosomal dominant diabetes in the Akita mouse is caused by mutation of the insulin 2 gene, whose product replaces a cysteine residue that is engaged in the formation of an intramolecular disulfide bond. These heterozygous mice exhibit severe insulin deficiency despite coexpression of normal insulin molecules derived from three other wild-type alleles of the insulin 1 and 2 genes. Although the results of our previous study suggested that the mutant proinsulin 2 is misfolded and blocked in the transport from the endoplasmic reticulum to the Golgi apparatus, its dominant negative nature has not been fully characterized. In the present study, we investigated the possible pathogenic mechanisms induced by the mutant proinsulin 2. There is no evidence that the mutant proinsulin 2 attenuates the overall protein synthesis rate or promotes the formation of aberrant disulfide bonds. The trafficking of constitutively secreted alkaline phosphatase, however, is significantly decreased in the islets of Akita mice, indicating that the function of early secretory pathways is nonspecifically impaired. Morphological analysis has revealed that secretory pathway organelle architecture is progressively devastated in the beta-cells of Akita mice. These findings suggest that the organelle dysfunction resulting from the intracellular accumulation of misfolded proinsulin 2 is primarily responsible for the defect of coexisting wild-type insulin secretion in Akita beta-cells.